www.anesthesia-analgesia.org anesthesia & analgesia P erioperative stroke is a potentially catastrophic complication of vascular surgery. 1, 2 Most perioperative strokes are ischemic and related to systemic atherosclerosis. [3] [4] [5] [6] Patients undergoing vascular surgery suffer from systemic atherosclerosis and many of the other known risk factors for stroke including hypertension, coronary artery disease, and diabetes mellitus. These patients are therefore expected to be at increased risk for the complication. 1, 2 In a recent study of perioperative stroke in adult patients undergoing noncardiac, nonvascular, and nonneurologic surgery, Mashour et al. found an incidence of 0.1% using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. 7 Patients undergoing noncarotid vascular surgery were excluded from that study because they are a higher risk population with an incidence of perioperative stroke between 0.5% and 3%. 8, 9 Of note, this is comparable to the incidence of perioperative myocardial infarction (MI) in the same population. 2 Thus, perioperative stroke is an important adverse outcome in vascular patients and has been associated with an increased length of hospital stay (LOS), increased intensive care unit stay, and up to a 6-fold increased postoperative mortality. 2, 4, 10 Although the risk factors for stroke after coronary artery bypass graft [11] [12] [13] [14] [15] and carotid endarterectomy 16 have been extensively studied and risk stratification models developed, 13, 14 there is a paucity of data regarding risk factors and predictors of perioperative stroke in patients undergoing noncarotid major vascular surgery.
Axelrod et al. reported the incidence and risk factors of perioperative stroke in 20,037 male patients who underwent noncarotid vascular surgery at Veterans Affairs (VA) hospitals from 1997 through 2000, using the VA patient treatment file and the VA NSQIP database. The study found a 0.4% to 0.6% incidence of stroke in patients undergoing lower extremity revascularization, open abdominal aortic surgeries, and lower extremity amputations. Independent predictors of perioperative stroke in that population were previous stroke or transient ischemic attack (TIA), preoperative mechanical ventilation, postoperative MI, and need to return to the operating room. 2 However, this study was limited by the fact that it was focused only on males in the unique VA population. Because risk factors for stroke may be influenced by sex, [17] [18] [19] it is important to assess the incidence and predictors using a model that incorporates sex as a covariate. Furthermore, it is unclear if the findings of Axelrod et al. can be generalized to the non-VA population. Therefore, the primary objective of this study was to identify the incidence, predictors, and outcomes of perioperative stroke (defined as occurring within 30 days after surgery) in a diverse patient population undergoing elective noncarotid major vascular surgery, using the prospectively gathered clinical dataset derived from the ACS-NSQIP. Because the Axelrod et al. study was limited to open procedures, and clinical practice is moving increasingly toward an endovascular approach to vascular disease, a secondary and exploratory analysis was performed to assess the influence of surgical approach [open versus endovascular abdominal aortic aneurysm (AAA) repair] on the incidence and predictors of perioperative stroke.
METHODS

Patients and Data Collection
IRB approval (University of Michigan Medical School, Ann Arbor, Michigan) was obtained for analysis of these prospectively collected, deidentified data that are publicly available. The requirement for written informed consent was waived by the IRB. The ACS-NSQIP methodology has been described in detail [20] [21] [22] and is summarized here. Operations that require general, epidural, or spinal anesthesia are prospectively divided into 8-day cycles and the first 40 consecutive general and vascular surgery operations within each cycle are included. Each cycle begins on a different day of the week, which is done to ensure that the selected sample appropriately represents each hospital's case variety. Additional operations on the same patient within 30 days of the initial procedure are not included.
For each operation, trained nurse data reviewers prospectively collect data on 136 variables in a standardized fashion. These variables include patient demographics, preoperative comorbidities, operative information, selected intraoperative elements, and 30-day postoperative morbidities and mortality. The nurses are trained in clinical medicine and quality assurance and are required to complete standardized training on data collection and the definitions of study variables to qualify for participation in ACS-NSQIP. Data uniformity and reliability are ensured by conducting periodic conference calls, annual meetings, and interrater reliability audits. If an interrater reliability audit score demonstrates ≥5% disagreement, the participating site is excluded from the ACS-NSQIP participant use data file (PUF). The PUF is a Health Insurance Portability and Accountability Act compliant data file containing cases submitted to the ACS-NSQIP. The 2005 to 2009 PUF is a compilation of operations from 211 participating non-VA United States medical centers (representing 41 states) submitted over a 5-year period. a To maintain institutional, provider, and patient anonymity, no site-or region-specific data elements are included in the PUF.
ACS-NSQIP Study Population and Variables Analyzed
Inclusion and Exclusion Criteria
We included adult patients (18 years or older) in the database who underwent elective lower extremity major amputation, lower extremity revascularization, open abdominal aortic procedures, and endovascular AAA repair (EVAR), as identified by primary procedure Current Procedural Terminology codes (CPT; Appendix 1). CPT codes were hand-reviewed to ensure the appropriateness of procedures included for analysis and were chosen to make our study comparable to the only other large study of the incidence and predictors of perioperative stroke in patients undergoing noncarotid vascular surgery. 2 The cases analyzed in the current study were excluded from our prior study of perioperative stroke, which focused on low-risk populations; 7 patient samples were therefore nonoverlapping. For our primary cohort we combined patients who underwent AAA repair, aortofemoral bypass procedures, and aortovisceral bypass procedures into a single category of open abdominal aortic procedures. Likewise, we combined all lower extremity revascularization procedures to treat occlusive disease and aneurysmal disease into the lower extremity revascularization procedure subset. Finally, we grouped all amputations above the ankle (both above-knee and below-knee) into lower extremity amputation procedures. Although trauma patients are excluded from the NSQIP database, it is possible that some patients with lower extremity amputations related to tumor or other etiologies unrelated to peripheral vascular disease may have been included in the analysis. The following case types were excluded from the primary cohort analysis: (1) procedures performed by the cardiac surgery, neurosurgery, urology, ophthalmology, and obstetrics services; (2) carotid endarterectomies; (3) procedures involving the ascending aorta and vertebral arteries; (4) amputations below the ankles; and (5) endovascular graft procedures. Patients <18 years of age, on preoperative ventilator support, or undergoing emergent operations were excluded. Variables of interest such as atrial fibrillation and valvular disease are not included in the ACS-NSQIP database and could not be analyzed.
Because of changing clinical practice since the Axelrod et al. study, a secondary and exploratory analysis was performed on a cohort of patients undergoing elective open AAA versus EVAR. Using ACS-NSQIP data from 2005 to 2008, Raval and Eskandari reported no difference in the incidence of stroke in patients older than 80 years of age between patients undergoing open AAA repair and EVAR. 23 We broadened these entry criteria to include all patients 18 years of age and older and specifically compared the incidence and independent predictors of postoperative stroke in elective open AAA repair and EVAR. CPT codes are listed in Appendix 1 under secondary analysis. A summary of the a Available at: http://www.acsnsqip.org/main/aboutacs/about_overview. jsp. Accessed August 8, 2011. www.anesthesia-analgesia.org anesthesia & analgesia surgical procedures, the variables analyzed, and the statistics performed for each cohort is included in Table 1 .
Outcomes
Postoperative stroke and 30-day all-cause mortality were analyzed as the primary and secondary outcomes of interest, respectively. Postoperative stroke is defined by ACS-NSQIP as a new embolic, thrombotic, or hemorrhagic cerebrovascular event with motor, sensory, or cognitive dysfunction that persists for ≥24 hours within 30 days of the operation. Thirty-day mortality can be from any mechanism of death and the cause of death is not reported.
Patient Variables
Basic demographic data including age, sex, body mass index (BMI), and the American Society of Anesthesiologists (ASA) physical classification status were analyzed. Risk factors for perioperative stroke were identified using previously reported literature 4, 6, 7, 10, 11, 14, 24, 25 and included current tobacco use, diabetes mellitus (requiring oral or insulin therapy), congestive heart failure within 30 days before surgery, history of MI within 6 months before surgery, previous cardiac interventions, acute renal failure, dialysis dependence, history of bleeding disorders, history of hemiplegia, history of TIA, and history of stroke with or without neurologic deficit. Standardized definitions of ACS-NSQIP preoperative patient comorbidities that were analyzed in this study are available in Appendix 2.
Statistical Analysis
Statistical analysis was performed using PASW version 18 (SPSS, Chicago, IL). Descriptive statistics were performed on all categorical and continuous data elements using Pearson's χ 2 , Fisher's exact test, Student's t-test, or Mann-Whitney Table 2 ) Independent predictors of perioperative stroke using logistic regression model ( Figure 2 ) Univariate association in a risk-matched cohort ( Table 2) • To assess association of perioperative stroke and 30-day all-cause mortality • To assess if perioperative stroke patients had a longer length of stay
Univariate associations between open AAA and EVAR ( Table 4 ) Independent predictors of perioperative stroke using logistic regression model ( Figure 4 U-test, where appropriate, to determine univariate associations with postoperative stroke. To build the logistic regression model, colinearity diagnostics and Pearson correlations were evaluated for all preoperative variables in Table 2 , with the exception of ASA physical status. This variable was not included because the comorbidities included in the model constitute the individual criteria for the ASA physical status.
Because of the possibility of artifactual BMI data, we classified valid BMIs as 10 to 60; any BMI outside this range was treated as a missing data element. Diabetes oral therapy and diabetes insulin therapy were collapsed into a single diabetes positive category and compared against no diabetes. Similarly, history of stroke with neurologic deficit, history of stroke without neurologic deficit, history of TIA, and preoperative hemiplegia were combined into a single category of history of neurologic event. Finally, we collapsed history of MI within 6 months before surgery, history of cardiac revascularization, and congestive heart failure within 30 days of surgery into a single category of cardiac history. To investigate the timing of the strokes, we collapsed the data into categories of stroke events occurring on postoperative day (POD) 0 or 1, POD 2 to 8, and POD 9 to 30. The 95% confidence interval (CI) was calculated using Newcombe's method without a correction for continuity. For the primary cohort analysis, all variables were entered into a nonparsimonious logistic regression model to identify independent predictors of perioperative stroke in patients undergoing open abdominal aortic, lower extremity revascularization, and lower extremity amputations. Variables with P < 0.05 were considered independent predictors of perioperative stroke. Effect size for each independent predictor was assessed using adjusted odds ratios and 95% CI. The model's goodness of fit was tested using the Hosmer and Lemeshow test. This test groups the data into deciles based on risk levels of developing the outcome. The incidence of the observed outcome (stroke) is compared to the incidence of the predicted outcome (stroke) using the proposed model within each decile risk level. A P value that is not significant indicates that the observed strokes are no different than the predicted strokes based on the covariates entered into the model and therefore the fit of the model is deemed good. The model's predictive value was evaluated using a receiver operating characteristic area under the curve (ROC AUC). 26 For the primary cohort analysis, we developed a risk-matched cohort to assess whether the occurrence of perioperative stroke was associated with an increase in 30-day all-cause mortality. We used the perioperative stroke propensity score from the nonparsimonious logistic regression model to minimize the effect of confounding preoperative comorbidities on the 30-day all-cause mortality. The propensity score for each patient in this cohort was the predicted probability (0 to 1) of experiencing the primary outcome, a perioperative stroke. A 3-digit propensity score was used to match patients with perioperative stroke with patients who did not experience this outcome. Coding was created to randomly rank each patient in the nonstroke population with the same propensity score. The patients in the nonstroke population were then matched to the patients in the stroke population based on the same propensity score; we performed univariate analysis to assess the quality of the matching (Table 3 ). After the matching, we assessed the association between perioperative stroke and 30-day all-cause mortality using a Pearson χ 2 . Effect size is reported as odds ratio and 95% CI. We also investigated if perioperative stroke patients had longer surgical LOS using the Mann-Whitney U-test in the matched cohort. 7, 21 WMWodds were calculated to demonstrate the median increase in LOS with odds ratio and 95% CI using R studio.
For the secondary cohort analysis, the variables summarized in Table 1 were entered into a nonparsimonious logistic regression model to identify independent predictors of perioperative stroke in patients undergoing elective open AAA and EVAR procedures. Variables with P < 0.05 were considered independent predictors of perioperative stroke. Effect size for each independent predictor was assessed using adjusted odds ratios and 95% CI. The model's goodness of 26 Given the nonrandom assignment of patients to these surgical subsets, univariate associations were performed to compare comorbidities between open AAA and EVAR patients ( Table  4 ). All-cause 30-day mortality and surgical LOS were investigated for associations with perioperative stroke. Because of the smaller sample size, it was not feasible to perform a risk-adjusted cohort for these comparisons. A P value of <0.05 was considered statistially significant. Table 2 demonstrates demographics and univariate associations with perioperative stroke in these patients (n = 37,927). The overall incidence of perioperative stroke within 30 days after operation in the primary cohort was 0.6% (n = 228). The incidence of perioperative stroke across different surgical categories was as follows: 0.5% in lower extremity revascularizations (n = 109), 0.7% in amputations (n = 55), and 0.8% in open abdominal aortic procedures (n = 64). Fifteen percent (95% CI, 11%-20%) of strokes were identified during POD 0 and 1 (0.09% overall incidence of perioperative stroke), whereas 48.7% (95% CI, 42%-55%) of strokes occurred between POD 2 and 8 ( Fig. 1 ).
RESULTS
Incidence and Temporal Distribution of Perioperative Stroke: Primary Cohort Analysis
Independent Predictors of Perioperative Stroke: Primary Cohort Analysis
Colinearity diagnostics did not demonstrate a condition index above 30 and therefore no bivariate correlation matrix was needed. All variables in Table 2 except ASA classification were therefore entered into the nonparsimonious logistic regression model. The model included 36,900 (97.3%) of the patients. Advancing age (each additional year of age, keeping all other variables constant), cardiac history, female sex, history of neurologic event, and acute renal failure or dialysis dependence (Fig. 2) were identified as independent predictors of perioperative stroke (P < 0.05). The Hosmer and Lemeshow test demonstrated a P = 0.601, suggesting a better than random fit. The ROC AUC was 0.66 ± 0.02.
30-Day Mortality Analysis Using a Matched Cohort: Primary Cohort Analysis
Two hundred twenty-five patients with perioperative stroke were matched in a 1:1 ratio to patients without perioperative stroke based on the previously derived propensity score. The matched cohort revealed no significant associations in the univariate analysis of the preoperative predictors of stroke (Table 3 ) and thus was matched for comorbid risk factors. Univariate analysis demonstrated that for all patients perioperative stroke was associated with a 3-fold increase in perioperative mortality within 30 days (95% CI, 1.8 to 6.4). The lower extremity revascularizations demonstrated an almost 7-fold increase in perioperative mortality within 30 days (95% CI, 2.4 to 18.1); amputations and open abdominal aortic procedures did not demonstrate statistical significance.
The matched cohort analysis also revealed that perioperative stroke is associated with increased median surgical LOS. For the entire cohort, perioperative stroke increased the median surgical LOS from 6 (95% CI, 2 to 28) to 13 (95% CI, 3 to 43) days (P < 0.001, WMWodds 2.8, 95% CI, 2.4 to 3.3). Median surgical LOS was increased from 9 days (95% CI, 3 to 35) to 13 (95% CI, 3 to 48) days (P = 0.03, WMWodds 1.8, 95% CI, 1.3 to 2.5) in patients undergoing major amputations complicated by perioperative stroke, and from 5 (95% CI, 1 to 24) days to 12 (95% CI, 2 to 38) days (P < 0.001, WMWodds 3.1, 95% CI, 2.4 to 4.1) in patients undergoing lower extremity revascularization procedures experiencing perioperative stroke. Similarly, perioperative stroke increased median surgical LOS from 7 days (95% CI, 3 to 49) to 15 (95% CI, 5 to 45) days (P < 0.001,WMWodds 3.1, 95% CI, 2.3 to 4.6) in open abdominal aortic procedures. (Fig. 3) . The incidence of stroke in open procedures (0.8%) was more than in endovascular procedures (0.5%, P = 0.007) with an odds ratio of 1.8 (1.2 to 2.8). Table 4 shows the univariate analysis of preoperative risk factors between the two surgical groups. There were no differences in the incidence of ASA physical classification of 3, 4, or 5 or history of TIA or stroke between the 2 surgical groups ( Table 4 ). The endovascular patients were older (74 ± 9 year vs 71 ± 9, P < 0.001) and had a higher incidence of renal failure or dialysis (P = 0.018), Table 2 with exception of ASA score were entered into the logistic regression model. ARF = acute renal failure; neurologic event = history of transient ischemic attack, stroke, or existing hemiplegia; cardiac history = history of myocardial infarction or congestive heart failure within 6 months, angina within 1 month, and previous cardiac intervention. Age is odds ratio per year of life.
Incidence and Independent Predictors of Perioperative Stroke: Secondary Cohort Analysis
www.anesthesia-analgesia.org anesthesia & analgesia cardiac history (combined congestive heart failure within 30 days of procedure, history of MI within 6 months of procedure and history of previous cardiac intervention, P = 0.004), and diabetes (requiring oral or insulin therapy, P < 0.001). The open AAA group had a larger proportion of women (26% vs 17%, P < 0.001) and a larger proportion of patients with current tobacco use (P < 0.001) and treated hypertension (P < 0.001). The open AAA group also had a longer median operative time (216 vs 142 min, P < 0.001) and a higher incidence of patients receiving 4 or more units of packed red blood cells (P < 0.001). Independent predictors of perioperative stroke in this cohort (n = 14,222) included hypertension, history of renal failure or dialysis, prior neurologic event, female sex, open AAA (versus EVAR), diabetes, and age (P < 0.05; Fig. 4) . The Hosmer and Lemeshow test demonstrated a P = 0.725, suggesting a good model fit. The ROC AUC was 0.73 ± 0.03. Perioperative stroke increased 30-day all cause mortality from 1.3% to 13.0% (P < 0.001) in the EVAR group (n = 9823) and from 3.7% to 10.8% (P = 0.025) in the open AAA group (n = 4399). Surgical LOS (both surgical groups, n = 14,222) increased from 3 (95% CI, 1 to 16) to 10 days (95% CI, 1 to 38) in those patients suffering stroke (P < 0.001, WMWodds 4.2, 95% CI, 3.1 to 6.1).
DISCUSSION
Using a national clinical database, we found a perioperative stroke incidence of 0.5% in lower extremity revascularizations, 0.7% in major lower extremity amputations, and 0.8% in open abdominal aortic reconstructions. We identified advancing age (each additional year of age, keeping all other variables constant), cardiac history, female sex, history of neurologic event, and acute renal failure or dialysis dependence as independent risk factors for perioperative stroke in this patient population. Of note, perioperative strokes tend to occur between POD 2 and 8 in this cohort (Fig. 1) . Perioperative stroke is associated with a significantly worsened outcome for patients including a significantly longer median surgical LOS and a 3-fold increase in 30-day all-cause mortality.
Our results are consistent with the only other large study of the incidence and predictors of perioperative stroke in noncarotid vascular surgery. Also using the ACS-NSQIP database, Axelrod et al. found a perioperative stroke incidence of 0.4% to 0.6%, with an associated 6-fold increase in 30-day mortality and significantly longer LOS. 2 Consistent with their results, we found the incidence of perioperative stroke was highest among patients undergoing abdominal aortic reconstruction and lowest in lower extremity revascularizations. The apparent discrepancy in the mortality rates (6-fold in Axelrod et al. study versus 3-fold in the primary cohort of the current study) is likely due to the fact that our comparison was performed in a comorbidity-matched cohort, which would be expected to yield a smaller difference in mortality. Furthermore, the design of the current study enabled us to identify female sex as a risk factor for stroke in this vascular surgery population.
Advanced age is associated with reduced cerebrovascular reserve as well as increased incidence and severity of stroke-associated comorbidities such as hypertension, cardiac arrhythmias, and atherosclerosis. 4, 6, 24 Congestive heart failure puts patients at increased risk of embolic strokes. 16 Furthermore, decreased left ventricular systolic function increases the risk of cerebral hypoperfusion and could increase the risk of perioperative stroke. 15 Female sex has been shown to be a risk factor for perioperative stroke. 4, 10, 14, 27, 28 However, the reasons for this increase in risk remain unclear. Possible explanations include higher rate of atrial fibrillation, 18, 19 higher embolic potential, 29, 30 incomplete inhibition of platelet aggregation with aspirin, 31 and increased early restenosis after carotid endarterectomy, suggestive of differential vascular remodeling. 32, 33 However, these data should be interpreted with caution because none of the reported studies was designed to investigate the mechanisms explaining the observed outcome difference between females and males.
Preoperative hemiplegia reflects the severity of previous stroke, which has been identified as a strong risk factor for perioperative stroke in multiple studies and case reviews. 4, 6, 7, 10 This could reflect tenuous brain vascular reserve and impaired cerebral autoregulation in patients with previous stroke. Renal disease is a prominent risk factor for perioperative stroke in general and cardiovascular surgeries. 10, 14, 15 This may, in part, be explained by the accelerated atherosclerosis that results from renal disease. 34 Dialysis dependence also places patients at risk for repeated episodes of hypotension and cerebral hypoperfusion. Consistent with the study of Axelrod et al., 2 hypertension, diabetes mellitus, and smoking were not associated with perioperative stroke in our study. One likely explanation is that patients undergoing noncarotid vascular procedures have so many of these risk factors in common 35, 36 that making distinctions between them is difficult, even when using a large database such as ACS-NSQIP.
The majority of perioperative strokes occurred after POD 2, but within 8 days of the operation; only 15% of the strokes occurred between POD 0 and 1. This temporal distribution is consistent with findings from other studies of perioperative stroke 2, 24, 37 and suggests that the postoperative rather than intraoperative period may be critical for stroke development in this population. None of the independent predictors of stroke identified in this study or the study by Axelrod et al. is potentially modifiable. This highlights the critical importance of conducting further prospective investigations to identify intraoperative and, given the timing of perioperative strokes, postoperative risk factors of perioperative stroke in the vascular surgery population.
Because clinical practice is changing and the use of EVAR is increasing over time, 23, 38 we performed a secondary cohort analysis to investigate the incidence of stroke and determine independent predictors in these patients. Although there have been numerous studies comparing morbidity and mortality in EVAR patients compared to open AAA repair, there is only one study that reports the incidence of stroke in such a large population. Raval and Eskandari 23 compared the outcomes of patients ≥80 years undergoing EVAR or open AAA repair to patients younger than 80 years of age using the 2005 to 2008 ACS-NSQIP PUF. Not surprisingly, their overall incidence of stroke for all patients (all ages, both EVAR and open AAA repair) was identical to that found in our study (0.6%). Unlike our study, their comparison of the incidence of postoperative stroke in EVAR (0.8%) versus open AAA repair (1.8%) involved only patients ≥80 years (n = 2034) and there was no significant difference between groups. Our study has the advantage of a more diverse patient population (all patients 18 years or older), a larger number of patients and the inclusion of more recent data from ACS-NSQIP. In the current study there were a number of differences related to comorbid conditions in the EVAR versus open AAA cohort, which precluded propensity score matching. As such, no firm conclusions can be drawn regarding the relative risk of perioperative stroke in this patient cohort. Our results should therefore be regarded as hypothesis-generating for future studies in which open AAA and EVAR patients are appropriately matched.
The advantages of analyzing large nationwide clinical databases such as ACS-NSQIP include prospective standardized data collection, large number of cases included (which is ideal for detecting infrequent complications such as stroke), and diversity of the patient population. However, there are several limitations associated with such analyses. First, detailed clinical data and preoperative variables that have been shown to influence the risk of stroke in other patient populations such as atrial fibrillation and other arrhythmias, 4,10,39 cardiac valvular diseases, 10 perioperative anticoagulation, 4 the use of perioperative β-adrenergic blockers, 40, 41 perioperative hypotension, 42 and preoperative statin use 43, 44 are not elements in the ACS-NSQIP database. This limits the ability to address the contribution of these variables to perioperative stroke in our study. Similarly, because of the limited nature of intraoperative variables included in ACS-NSQIP database, factors such as intraoperative hypotension, management of anticoagulation, glycemic control, and intraoperative arrhythmias could not be addressed in our study. However, the low incidence of strokes on POD 0 and 1 in the current study suggests a limited contribution of these intraoperative variables to the overall risk of perioperative stroke. Another limitation of the ACS-NSQIP database is that no brain imaging studies are available; ischemic strokes could therefore not be distinguished from hemorrhagic strokes. The ACS-NSQIP database does not contain data on the prevalence and severity of preexisting carotid artery disease and therefore it was not possible to determine whether previous stroke was caused by an anatomical defect that had since been repaired. 2 Basic laboratory data were not analyzed because of the large proportion of missing data elements. Finally, because of the limited cohort size for patients undergoing open AAA and EVAR, we were unable to perform propensity score matching as we were with the primary analysis. Conclusions based on this cohort are limited because patients were not randomly assigned to the 2 surgical subsets.
In conclusion, the incidence of perioperative stroke in the noncarotid vascular surgery population is low at 0.6% to 0.8%. Despite this, perioperative stroke is an important source of morbidity and mortality, as reflected by the significantly increased median surgical LOS and 30-day all-cause postoperative mortality. Furthermore, despite the low incidence of perioperative stroke in patients undergoing noncarotid vascular surgery, these patients have an approximately 6-fold increased risk for this complication compared to patients undergoing noncardiac, nonvascular, and nonneurologic surgery. 2 
Current tobacco use
Report if the patient has smoked cigarettes in the year prior to admission for surgery. Do not report patients who smoke cigars or pipes or use chewing tobacco.
Alcohol use
The patient admits to drinking >2 oz hard liquor or > two 12-oz cans of beer or > two 6-oz glasses of wine per day in the 2 weeks before admission. If the patient is a binge drinker, divide out the numbers of drinks during the binge by 7 days and then apply the definition.
History of chronic obstructive pulmonary disease
Chronic obstructive pulmonary disease (such as emphysema and/or chronic bronchitis) resulting in any of the following:
• Functional disability from chronic obstructive pulmonary disease (e.g., dyspnea, inability to perform activities of daily living)
• Hospitalization in the past for treatment of chronic obstructive pulmonary disease • Necessitates long-term bronchodilator therapy with oral or inhaled agents • A forced expiratory volume in 1 s of <75% of predicted on pulmonary function testing Do not include patients whose only pulmonary disease is asthma, an acute and chronic inflammatory disease of the airways resulting in bronchospasm. Do not include patients with diffuse interstitial fibrosis or sarcoidosis.
Active congestive heart failure
Congestive heart failure is the inability of the heart to pump a sufficient quantity of blood to meet the metabolic needs of the body or can do so only at increased ventricular filling pressure. Only newly diagnosed congestive heart failure within the previous 30 days or a diagnosis of chronic congestive heart failure with new signs or symptoms in the 30 days before surgery fulfills this definition. Common manifestations are: • Abnormal limitation in exercise tolerance due to dyspnea or fatigue • Orthopnea (dyspnea on lying supine) • Paroxysmal nocturnal dyspnea (awakening from sleep with dyspnea) • Increased jugular venous pressure • Pulmonary rales on physical examination • Cardiomegaly • Pulmonary vascular engorgement Should be noted in the medical record as congestive heart failure, or pulmonary edema.
Acute renal failure
The clinical condition associated with rapid, steadily increasing azotemia (increase in blood urea nitrogen) and an increasing creatinine >3 mg/dl. Acute renal failure should be noted within 24 h before surgery.
Preoperative dialysis dependence
Acute or chronic renal failure necessitating treatment with peritoneal dialysis, hemodialysis, hemofiltration, hemodiafiltration, or ultrafiltration within 2 weeks before surgery.
Cerebrovascular disease
History of transient ischemic attacks: Transient ischemic attacks are focal neurologic deficits (e.g., numbness of an arm or amaurosis fugax) of sudden onset and brief duration (usually <30 min) that usually reflect dysfunction in a cerebral vascular distribution. These attacks may be recurrent and, at times, may precede a stroke or Cerebrovascular accident/stroke with or without neurologic deficit: history of a cerebrovascular accident (embolic, thrombotic, or hemorrhagic) lasting at least 30 min with or without persistent residual motor, sensory, or cognitive dysfunction.
History of myocardial infarction within past 6 months
History of a non-Q-wave or a Q-wave infarct in the 6 months before surgery as diagnosed in the patient's medical record.
Previous cardiac intervention
The patient has undergone percutaneous coronary intervention at any time (including any attempted intervention). This includes either balloon dilatation or stent placement. This does not include valvuloplasty procedures. or Any major cardiac surgical procedure (performed either as an "off-pump" repair or using cardiopulmonary bypass). This includes coronary artery bypass graft surgery, valve replacement or repair, repair of atrial or ventricular septal defects, great thoracic vessel repair, cardiac transplant, left ventricular aneurysmectomy, insertion of left ventricular assist devices, etc. Do not include pacemaker insertions or automatic implantable cardioverter defibrillator insertions.
History of angina within 1 months before surgery
Pain or discomfort between the diaphragm and the mandible resulting from myocardial ischemia. Typically angina is a dull, diffuse ( fist-sized or larger) substernal chest discomfort precipitated by exertion or emotion and relieved by rest or nitroglycerine. Radiation to the arms and shoulders often occurs, and occasionally to the neck, jaw (mandible, not maxilla), or interscapular region. Documentation in the chart by the physician should state "angina" or "anginal equivalent." For patients taking antianginal medications, enter "yes" only if the patient has had angina at any time within 1 month before surgery.
Hypertension requiring medication
The patient has a persistent elevation of systolic blood pressure > 140 mmHg or a diastolic blood pressure > 90 mmHg or requires an antihypertensive treatment (e.g., diuretics, β-blockers, angiotensin-converting enzyme inhibitors, calcium channel blockers) at the time the patient is being considered as a candidate for surgery (which should be no longer than 30 days before surgery). Hypertension must be documented in the patient's chart.
Bleeding disorder Any condition that places the patient at risk for excessive bleeding requiring hospitalization due to a deficiency of blood clotting elements (e.g., vitamin K deficiency, hemophilias, thrombocytopenia, chronic anticoagulation therapy that has not been discontinued prior to surgery). Do not include the patient on chronic aspirin therapy.
risk models for stroke after noncarotid vascular surgery. Given the limited value of preoperative predictors and the fact that in this high-risk population nearly half of strokes occur between POD 2 and 8, further studies are needed to identify modifiable postoperative risk factors to reduce the incidence and sequelae of stroke. E
